Renewable energy sources based on wood are becoming increasingly important and popular. However, their increased consumption is inevitably connected with questioning their quality [1] [2] . Quality is in specific cases determined by the method of production and the storage process [3] [4] . The quality of wood chips is at present evaluated according to the calorific value and moisture content, which are often influenced, besides the wood species itself, by weather conditions and storage method [5] [6] [7] [8] [9] . The increased number of plants using wood chips as a source of energy is connected with raising the question of health and safety hazards associated with the production and storage of wood chips. The factors most hazardous for human health are represented by the hazards associated with the activity of fungi and moulds in Pol. J. Environ. Stud. Vol. 26, No. 6 (2017), 2633-2641 
the stored wood chips, and inhalation of wood dust when manipulating them [10] [11] [12] [13] . These hazards are caused by the course of biological processes in the stored material [14] . It was discovered that the amount of spores in the air during manipulation of wood chips will decrease below the value of 1,000 CFU.m -3 (colony forming unit.m -3 ) only at a distance of 300 m from the pile. This can therefore be considered dangerous and potentially harmful to human health [15] .
Town heating plants in Slovakia usually store wood chips in high-capacity piles (over 1 t), which are freely stored and thus exposed to atmospheric conditions [1] . The supply and transfer of the raw material to and from such piles is not usually continual. The storage yards and the heating plants are very often situated in the residential areas of towns and cities. This method of storing the material intensifies the risk of creating harmful fungi and moulds even more [16] [17] . Employees and residents living in the direct vicinity of the heating plants are not adequately informed about the hazards connected to biomass storage. There is also a lack of legislation and regulation possibilities in order to eliminate such hazards and their impact on human health.
The aim of the study was to monitor and analyze the main biological hazards (activity of fungi and moulds) connected to the long-term storage of wood chips for energy production during a period longer than a year. The analysis was carried out using material from four long-term storage yards of wood chips in town heating plants having their storage yards in the residential areas of towns in Slovakia. Weather development at the storage sites was monitored as well (average daytime temperature and atmospheric precipitation). The samples which were used to identify the hazards were taken at the beginning and at the end of the monitoring period. Information on biological hazards, posing a risk to the health of employees and residents living in the vicinity of the heating plants, are important mainly for further development of this branch, and legislative regulations and sanctions in order to protect human health.
Material and Methods

Material and Experimental Piles
Four high-capacity storage yards of town heating plants in the Banská Bystrica self-governing region in Slovakia (in the radius of 65 km) were selected for sampling (GPS coordinates: No. 1 storage 48°34'52.4"N 19°31'37.6"E; No. 2 storage 48°34'33.1"N 19°57'28.7"E; No 3 storage 48°40'44.0"N 20°07'22.4"E; and No. 4 storage 48°25'33.7" N, 19°47'33.7" E). All yards, as well as the heating plants, were situated in the residential areas (number of inhabitants from 5,772 to 12,696). The woodchip piles were created in March and April 2015 and the first sampling in all storage yards was carried out on 29 October 2015 (the storage time was longer than six months for all piles). The second sampling in all storage yards was carried out on 28 October 2016. None of the storage yards was covered; they were situated in open space and the piles were made of woodchips freely poured onto concrete and on a sunny place. The piles consisted of woodchips for energy purposes made of a blend of 80% beech and 20% spruce and fir. The surface and volume of the piles were determined according to a 3D model. In order to create this model an unmanned drone DJI Phantom 3 Professional with a built-in camera with resolution of 4,000 x 3,000 pixels was used. Geodetic ranging poles were used to determine the scale. Agisoft PhotoScan Professional software was used to determine the volume and surface of the woodchip piles [18] [19] .
Sampling Technique
Five samples were taken from each pile during two sampling periods -October 2015 and 2016 (40 samples altogether) for analysis. Three samples were sampled from the surface of each pile and two from a depth of 0.5 m. Experimental piles had a rectangular ground plan. The tested piles and locations of the sampling points are illustrated in Fig. 1 .
The samples were sampled using a shovel and the volume the each sample was 2 l. Each sample was stored in a hermetically sealable plastic bag with a specific number.
Weather Conditions
Temperature and precipitation were measured using a net of weather stations in the towns where the experimental piles were located. The temperature was measured three times a day at 07:00, 14:00, and 21:00. These data were then used to calculate the average daytime temperature. The precipitation was measured using a rain gauge. The measured values are shown in Fig. 2 . The temperatures were approximately the same at all locations and the difference in the average year temperature was a maximum of 1ºC. Regarding precipitation, the overall amount of precipitation during the monitoring period in towns 1, 2, and 4 was in the interval ±102 mm. Town 3 was an exception, since the recorded amount of precipitation was 275 mm more than in town 4, which had the lowest number recorded.
Laboratory Analyses
Microbiological identification of fungi in samples was performed by examination [2, 20] in the accredited laboratory of the Regional Public Health Authority in Poprad.
For the qualitative determination of microscopic fungi we used culturing on agar medium. A homogenized sample of 20 g was added to 180 mL of sterile water containing 0.02% of polyoxyethylene (20) sorbitan monooleate (Tween 80). For a more precise release of microorganisms from the material, the sample was shaken on a horizontal shaker for 30 min. For the inoculation of wort agar we used dilutions of 10 -1 to 10 -4 in three repetitions. The wort agar was composed of 1,000 mL of beer wort, 20 g of agar, and 1,000 mL of distilled water. Agar plates were cultivated at 25ºC±1ºC for 5-7 days. After obtaining pure microscopic cultures, their identification was performed based on morphological and cultural characteristics according to the guides listed in the literature [12, [21] [22] .
For identifying and isolating the microscopic fungi, cultures created on agar were used. Isolates were inoculated to the cultivating medium. The following cultivating media were used for identification: czapek yeasts extract agar (CYA), malt extract agar (MEA), creatine sucrose agar (CREA), and czapek yeasts extract agar with 20% sucrose (CY20S). The identification of isolates was carried out according to [12, 23] .
When studying the colonies we observed the following features: -Cultivation features on the identification agars (shape and size of the colony, speed of colony growth, colony colour, production of exudates on the colony surface, and production and excretion of pigments into the environment). -Micromorphologic features in the mounts with lactoferrin (occurrence of asexual spores, their size, shape, method of creation and arrangement; type of vegetative fructification structure, its arrangement and shape; occurrence of special structures; occurrence of sexual fructification structures and spores, their size, shape and arrangement). The results were in the form of occurrence frequency, relative density, and quantitative occurrence of microscopic fungi. The frequency of occurrence (Fr) and relative density (RD) of the species and genera of the microscopic fungi is calculated according to the following relationships [24] :
...where:
Fr -frequency of occurrence RD -relative density ns -the number of samples in which the genus or species was detected N -total number of samples NI -total number of isolates ni -number of isolates of the given genus or species
In order to find out the number of microscopic fungi in 1 g, i.e., to find out the colonies comprising a unit (CFU.g -1 ) that were isolated, Petri dishes from two dilutions one after another, consisting of a maximum of 150 colonies were used. In order to determine the number of microscopic fungi CFU in 1 g, the following relationship was used [25] : ...where: Σc -sum of characteristic colonies on selected dishes used for calculation n 1 -number of dishes of first dilution used to calculate n 2 -number of dishes of second dilution used to calculate d -dilution factor is identical to the first dilution used V -volume of inoculum used for the inoculation of cultivating medium The quantification of fungi was analyzed according to the standard [25] . Rounding off the number of CFU was in accordance with [26] .
Results and Discussion
Results Table 1 illustrates the results of microscopic fungi (mould) identification in individual samples, including the pile characteristics from which they were sampled. The first analysis (10 October 2015): in each sample at least two species of fungi were identified. In sample Nos. 1 to 10 (storage yards 1 and 2) aerobic spore-forming bacteria were identified as well. Yeasts were identified altogether in 13 samples. After a repeated sampling after one year (28 October 2016) the spores of fungi and moulds were not identified in one sample from a depth of 0.5 m on storage yard No. 2. Yeasts were identified in 18 out of 20 samples.
The most often identified species were: Aspergillus brasiliensis (in 15 samples at the first sampling and in nine samples taken after one year); yeasts were identified in 13 samples (in 18 samples taken after one year); Aspergillus flavus (in nine samples at the first sampling and in two samples taken after one year), Mucor spinosus (in eight samples at the first sampling and in one sample taken after one year); spores of the genus Aspergillus were identified in nine samples at the time first sampling and in 15 samples taken after one year. The least often occurring species were Trichoderma viride, Trichoderma koningii, Aspergillus wentii, Mycelia sterilia, Cladosporium herbarum, Mucor racemosus, Mucor hiemalis, and Fusarium nivale. The overview of the individual species from the overall number of samples is illustrated in Fig. 3 . The same species of fungal and mould spores in both samplings (initial and after one year) were identified in nine cases altogether. Table 2 illustrates the results of quantification of the individual toxigenic micromycetes (moulds). In the first two storage yards the maximum numbers of colonies were quantified in surface sample Nos. 4 and 6. A high number of colonies also was recorded in samples taken from 0.5 m depth. In storage yard Nos. 3 and 4 the highest number of colonies of identified fungi and moulds was quantified in the samples taken from a depth of 0.5 m.
The acquired results confirm that the point of sampling does not influence the intensity of occurrence of healththreatening fungi and moulds significantly. Nor in the case of bigger piles does it significantly influence the occurrence of toxigenic micromycetes at the shallower depth of 0.5 m.
After repeated sampling, the concentration of spores in the samples was much higher (Table 2 ). On average, the concentration in the samples from all four locations increased by 456,907 CFU.g -1 . This result confirms that increased storage period also increases the risk of being infected by pathogenic spores due to their higher concentrations. The same or even higher number of fungal and mould species was recorded at the second sampling in all storage yards, except storage yard No. 2, where the second sampling confirmed seven fewer species. The statistical analysis of the development of atmospheric temperature and the amount of precipitation also confirmed the impact of these parameters on the development and amount of pathogens being identified. Following the sampling carried out after one year of storage it can be concluded that the highest concentration of pathogenic and mould spores was linked to the average annual temperature of 10ºC, and precipitation at the average level of 1,000 mm per year (Fig. 4) .
Discussion
Fungi of the genus Aspergillus were identified as the most numerous. Some Aspergillus species cause diseased grain crops, especially maize and synthesize mycotoxins, including aflatoxin [27] . Aspergillus brasiliensis is less likely to cause human disease than some other Aspergillus species, but if large amounts of spores are inhaled, a serious lung disease, aspergillosis, can occur. Aspergillosis occurs worldwide. The disease manifests itself most often in the disseminated pulmonary form or lung aspergiloma. Besides the lower respiratory tract, paranasal sinuses, eyes, CNS, and myocardium can be affected as well. Similarly high numbers of colonies of these species also were identified in other studies describing shorter storage times [2, 28] . When manipulating wood chips quite high concentrations of the Aspergillus species in the air were recorded in other studies [29] [30] . The spores of genus Aspergillus also were identified as the most numerous in willow biomass in heating plants of Poland (in 51.1% of sample content) [31] [32] and also at workplaces for the production of forest biomass (wood chips, in 33-95% sample content) [33] . In Danish biofuel plants the spores of Aspergillus fumigatus in average concentration 2.48 x 10 4 CFU.g -1 were identified [34] . In general, thermotolerant fungi and thermophilic actinobacteria were more abundant in the wood chips and bark. Mixtures of fuels also seemed to be very susceptible to microbial growth. Actinobacteria, Aspergillus fumigatus, Penicillium sp., and yeasts were the most common identified species in the study from Finland [35] . Microbial concentrations during unloading were higher than 10 4 CFU.m -3 , which may pose a threat to worker health.
Fusarium oxysporum identified in four samples is known as a producer of mycotoxins T-2 toxin, sambutoxin, FUS X, FUS C, MON, and NIV. The most common diseases caused by this species are keratitis, onychomycosis, and hyalohyphomycosis [36] [37] . The less frequent occurrence of the genus Fusarium was identified also in other studies [2, 15, 38] . In the study on birch and spruce wood from Finland, the spores of genus Fusarium and Trichoderma were identified as well. A slightly higher share of fungal growth was observed on plates of birch wood samples stored uncovered (94 and 100% after the first and second weeks of incubation, respectively) compared to uncovered spruce samples (78 and 83% after the first and second weeks) [39] .
Alternaria species are known as major plant pathogens. They are also common allergens in humans, growing indoors and causing hay fever or hypersensitive reactions that sometimes lead to asthma. Table 2 . Quantification of potential toxigenic micromycetes (moulds) in samples. Fig. 4 . Occurrence of fungi spores depending on air temperature and precipitation people [40] . Alternaria alternata is capable of producing tenuazonic acid and other toxic metabolites that may be associated with disease in humans or animals [41] . A high occurrence also was recorded in the case of aerobic spore-forming bacteria, yeasts, and genus Pantoea. Aerobic spore-forming bacteria are bacteria of the genus Bacillus causing infectious diseases of the digestive system. The yeasts usually cause candidiasis, and the bacteria of the genus Pantoea cause various infections (e.g., septic arthritis and knee joint inflammation) [42] . The occurrence of these dangerous bacteria in such amounts associated with shorter storage times has not been discussed in any studies published so far.
Conclusions
Information on the health hazards during the production, manipulation, and storage of the wood ships are not sufficient. The employees are often poorly informed about the potential health hazards, and they are not provided with personal protective equipment. There is also a lack of relevant legislation that would deal with locating the high-capacity storage yards in the residential areas, monitoring the biological hazards and possible sanctions due to the health threats.
When evaluating the influence of microscopic fungi on the employees manipulating wood chips for energy purposes, it is important to consider not only the number of fungi but also the specific species. From the overall number of 25 identified microscopic fungi, 24 species pose a risk to human health and can cause various diseases. Particularly dangerous are the species Aspergillus, Mucor, and Rhizopus. They cause several diseases described as examples of the most aggressive mycotic infections with a high mortality rate [36, [43] [44] [45] . Besides these infectious species, species with a high toxicity also were identified in the piles. Genera Aspergillus, Fusarium, and Trichoderma are very often described as the most important toxigenic microscopic fungi-producing carcinogenic mycotoxins (alfatoxin B1 and B2, ochratoxin A, and fumonisin) [46] [47] [48] . Aspergillus niger has a rich history of being used at the industrial scale in fermentations, and now in biomass degradation, and as being "generally regarded as safe" (GRAS) by the United States Food and Drug Administration (FDA) [49] [50] . In addition, Mucor sp. and Fusarium sp. are associated with serious illnesses [51] .
The study confirmed that storage time longer than a year poses a high risk of being infected due to biologically harmful factors. Extending the storage time does not decrease the health hazards. Although after one year of storage the number of identified species was two species fewer, the quantity of spores in CFU.g -1 increased in all storage yards. The employees work in hazardous conditions, and especially those suffering from some kind of immunodeficiency should be informed in detail about these hazards and provided with quality personal protective equipment. It is also important to determine safe work procedures and length of storage time in order to minimize health risks. Regarding the high-capacity storage yards in the residential areas, it is important to carry out further structural modifications in order to isolate the yards and minimize health risks for residents living in the vicinity [52] [53] .
The obtained results point at the high degree of danger to human health when manipulating wood chips. Within one region (radius of 65 km) no significant impact of a wood chip storage yard on the occurrence of harmful pathogens and their number was proven. The highest occurrence of spores of pathogenic fungi was recorded in the storage yard with the highest amount of average annual precipitation. On the other hand, the lowest occurrence of spores was recorded on the yard with the lowest amount of annual precipitation. The results are useful mainly from the point of view of awareness of employees and residents of the areas in question and can serve as a tool to determine the basic legislative frameworks for improving the environment [54] .
